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SUMMARY 

 
Elastic fibres are important components of the extracellular matrices, being composed 

of an elastin core and fibrillin-microfibrils around the periphery. Elastic fibre formation is a 

complex developmentally regulated process whereby fibrillin-microfibrils act as templates 

for the deposition of elastin. Additional matrix macromolecules, including fibulin-4, fibulin-5 

and as yet unidentified heparan sulphate proteoglycans (HSPGs), have also been identified as 

playing important roles in this process.  

 Fibrillins-1, -2, -3 and latent transforming growth factor-β binding protein (LTBP)-1, 

-2, -3, -4, associated components of fibrillin-microfibrils, make up a superfamily of 

extracellular matrix proteins. Fibrillins and LTBPs share a high degree of structural similarity 

since they both have rod-like structures of tandem EGF-like 6-cysteine repeats interspersed 

with unique 8-cysteine motifs. LTBP-1, -3 and -4 covalently bind TGF-β and target and store 

the latent growth factor in the matrix. Unlike the other LTBPs, LTBP-2 does not bind latent 

TGF-β and its function is poorly understood. LTBP-2 has been shown to bind fibulin-5, an 

elastin-binding protein and through this interaction it may target tropoelastin-fibulin-5 

complexes on to fibrillin-1-microfibrils during elastic fibre assembly. In order to understand 

more about the role of LTBP-2 in the assembly of elastic fibres and to identify other novel 

functions, this study involved screening for potential molecular interactions of LTBP-2 with 

other matrix components, particularly heparin/HSPGs. In elastic tissues HSPGs are found on 

cell surfaces as syndecans and glypicans and in basement membranes as perlecan. 

 Full length human recombinant LTBP-2 (rLTBP-2) was expressed in 293 EBNA cells 

using a modified pCEP-4 vector and purified by nickel affinity chromatography. Upon 

validation of the purified protein using western blots, solid phase binding assays were used to 

screen for interaction between rLTBP-2 and heparin. Heparin serves as a useful model for 

heparan sulphate; due to the lack of adherence of heparin to microtitre plates heparin-BSA 

conjugate was synthesised and purified for the binding assays. Recombinant LTBP-2 was 

found to interact with heparin-BSA conjugates using an established solid phase binding assay. 

The binding was blocked by the addition of heparin (but not chondroitin sulphate) to the 

liquid phase, confirming the specificity of the interaction. Furthermore, the binding was 

blocked by the addition of 5mM EDTA and 5mM EGTA, showing that the interaction was 

cation (calcium) dependent. An apparent Kd of 14.5±3.7nM was calculated from non-linear 

regression analysis of the LTBP-2-heparin binding curve, indicating a strong affinity. To 

identify the location of the heparin binding site(s) on LTBP-2, expression constructs were 

produced encoding three fragments of LTBP-2, i.e. rLTBP-2NT(H), rLTBP-2C(H) and 

rLTBP-2CT(H), corresponding to the N-terminal, central and C-terminal regions of the 
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molecule. Good yields of rLTBP-2C(H) were obtained using the pCEP4-293-EBNA system, 

and rLTBP-2CT(H) was previously expressed and purified by members of the Gibson 

laboratory. However, difficulties were encountered with the rLTBP-2NT(H) expression 

construct and no LTBP-2NT(H) was available during the candidature. The central fragment 

LTBP-2C(H), (but not the C-terminal fragment  LTBP-2CT(H)), was found to bind heparin. 

However, the apparent Kd of 52.2±6.9nM was significantly higher than that for full length 

LTBP-2, indicating that LTBP-2C(H) had relatively lower heparin-binding affinity. This 

result suggested that an additional heparin binding site(s) is present in the N-terminal region 

of the molecule. 

It was considered that the true tissue ligand(s) for LTBP-2 would be a HSPG rather 

than heparin. Therefore, LTBP-2 was screened for interaction with HSPGs, recombinant 

syndecans-2 and -4, and endothelial cell-derived perlecan. Interestingly, LTBP-2 bound 

strongly to r-syndecan-4 but not r-syndecan-2 even though both molecules were produced in 

the same mammalian cell system and had been screened for binding to HS-binding growth 

factor, fibroblast growth factor-2. This finding indicates that LTBP-2 does not interact with 

all HS and must recognise specific microstructures within the heparan sulphate chains. It 

appears that syndecan-4 is now a strong candidate as mediator of LTBP-2-cell signalling. 

LTBP-2 was also found to specifically interact with perlecan in a cation-dependent, heparin-

inhibitable manner. Confocal immunohistochemical studies using foetal human aorta showed 

that LTBP-2 and perlecan generally had distinct distribution patterns within the medial layer, 

located on fibrillin-microfibrils and basement membranes respectively. However, there were 

small but widespread regions of LTBP-2-perlecan colocalisation which showed a similar 

pattern to the fibrillin-1-perlecan colocalisation. Thus it would appear that LTBP-2 is present 

at microfibril-basement membrane interfaces and may be involved in stabilising the 

interaction between these two structural elements of the matrix. This concept needs to be 

confirmed at the ultrastructural level. The interaction of LTBP-2 with perlecan during 

embryonic development is also worthy of investigation. 

 In parallel studies, a proteomic approach was used to identify other matrix binding 

proteins for LTBP-2. This was carried out in parallel with another matrix protein of poorly 

defined function, transforming growth factor-beta-inducible gene-h3 (βig-h3). Recombinant 

LTBP-2 and βig-h3 coupled to sepharose were used as bait proteins to screen complex 

mixtures of matrix proteins from the elastic tissue nuchal ligament and basement membrane 

preparation Matrigel. Initial studies showed that non-specific background binding to these 

proteins was a major problem. In efforts to overcome this difficulty, binding conditions were 

varied with limited success. A two-dimensional gel approach was used to fractionate and 

compare proteins binding to LTBP-2 with those binding to βig-h3. The differentially-
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displayed protein spots were to be identified by mass spectrometry. However, complications 

in comparing the patterns on two separate gels made identification of candidate spots 

challenging. Finally, CyDye DIGE fluor dyes were used to fractionate proteins binding to 

LTBP-2 and βig-h3 on the same gel, but unfortunately this work could not be completed in 

the time frame of the candidature.  
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